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ATranslati n of Substantially the Whole f 
Japanese Patent Applicati n Laid-Open No. HlO-319343 
(Laid-Open on December 4, 1998) 

5 [Title of the Invention] 

Head-Mounted Display 

[Abstract] 

[Object] To provide a compact and high resolution head-mounted 

10 display that readily achieves projection of color images. 

[Features] If an image signal is fed to an LCD 3 from an image feeder, the 
LCD 3 emits, in accordance with bacldight, display light 3a corresponding to the 
image signal. The display light 3a is conveyed by an FOP 4 and focused on an exit 
end face 4b as an intermediate image. The intermediate image formed on the exit 

15 end face 4b becomes divergent light, then is converted into diffracted light 3b 
composed of substantially parallel beams by a hologram combiner 6 having a 
function as a lens element, and then enters a user's eye E. The external light 8a 
from a view 8 passes through the hologram combiner 6, and enters the user's eye E 
as transmitted light 8b. Therefore, the user can infinitely observe a flat virtual 

20 image 9 formed in accordance with the display light 3 a emitted from the LCD 3 
while superimposing it on the outside view 8. 

[Claims] 

[Claim 1] A head-mounted display comprising: 
25 an image display means for emitting display light; 

a bundle of optical fibers that makes the display light emitted from the image 
display means exit from an exit end face while reducing it; and 

an in-front-of-eye optical means that directs the display light exited from the 
exit end face of the bundle of optical fibers to the user's eye by diffracting or 
30 reflecting it so as to permit a user to observe a virtual image formed in accordance 
with the display light. 
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[Claim 2] A head-mounted display as claimed in claim 1, 

wherein the in-front-of-eye optical means directs external light to the user's 

eye. 

[Claim 3] A head-mounted display as claimed in claim 1, 
5 wherein the in-front-of-eye optical means is provided with a substrate made 

of transparent or semitransparent glass, plastics, or the like, and a hologram film 
formed on a principal plane of the substrate. 

[Claim 4] A head-mounted display as claimed in claim 1, 
wherein the in-front-of-eye optical means is obliquely arranged relative to a 
10 visual axis of the user's eye at 45°, and directs the image light exited from the 
bundle of optical fibers to the user's eye by reflecting it. 

[Claim 5] A head-mounted display as claimed in claim 4, 
wherein the in-front-of-eye optical means is provided with a concave mirror 
concave to the user's eye, and a mirror obliquely arranged relative to the visual axis 
15 of the user's eye at 45*" that reflects the image light exited from the bundle of optical 
fibers toward the concave mirror in order to direct the image light reflected on the 
concave mirror to the user's eye. 

[Claim 6] A head-mounted display as claimed in claim 1, 
wherein the bundle of optical fibers includes the exit end face having a 
20 predetermined shape suitable for correcting aberrations of a virtual image. 
[Claim 7] A head-mounted display as claimed in claim 1, 
wherein the bundle of optical fibers has an incident end face closely 
attached to the image display means. 

[Claim 8] A head-mounted display as claimed in claim 1, 
25 wherein the bundle of optical fibers is composed of a larger number of 

optical fibers than pixels of the image display means. 

[Claim 9] A head-mounted display as claimed in claim 1, 
wherein the image display means emits color display light. 
[Claim 10] A head-mounted display as claimed in claim 3, 
30 wherein the image display means emits color display Ught, and the hologram 
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film is formed by recording a hologram in accordance with the color display image. 
[Claim 11] A head-mounted display as claimed in claim 1, 
wherein the image display means is realized as a liquid crystal display, an 

EL display, a plasma display, or a display using a micro-variable mirror made by a 
5 micromachining method. 

[Claim 12] A head-mounted display as claimed in claim 1, 

wherein the image display means, the bundle of optical fibers, and the in- 

front-of-eye optical means are equipped to a goggle or helmet. 

10 [Detailed Description of the Invention] 

[0001] 
[Field of the Invention] 

The present invention relates to a head-mounted display such as goggle- or 
helmet-type, and more particularly to a head-mounted display that is compact and 
15 high resolution. 

[0002] 
[Prior Art] 

As a compact image display that permits observation of images while being 
mounted on a head, for example, a head-mounted display (HMD) is widely known. 

20 In an HMD, an image display portion composed of an image display device such as 
a liquid crystal display (LCD), and an image transmission portion comprising a lens 
element and a mirror having an aberration correcting function and a magnif5dng 
function are arranged in front of an observer's eye. And the image display portion 
and the image transmission portion are fixed on a head with a mounting tool such 

25 as a belt. If a dynamic image is displayed on the image display device of the 
image display portion, owing to the aberration correcting function and the 
magnifying function of the lens element and the mirror, the displayed dynamic 
image is projected on a large virtual screen at a place easy to see, and then is 
observed by a user. 

30 [0003] 
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Several HMDs of this type have been developed and manufactured including 
a display for use in an airplane for displaying flight information such as its altitude 
and speed, and a display for use in a personal theater for displaying movies, TV 
games, or images of virtual reality. In recent years, a study for a display for use in 
5 a portable computer (wearable computer) has been launched. 
[0004] 

There are two types of such HMD, namely a see-through type HMD that 
permits observation of outside, and a close-ty])e HMD that prohibits observation of 
outside. In a field of artificial reality, in some cases, it is desirable to use a close- 

10 type HMD; however, for use as a portable display, a see-through type HMD is more 
desirable generally. In addition to the image display portion and the image 
transmission portion, the see-through type HMD is provided with a beam combiner 
having a see-through function. This beam combiner exhibits a strong wavelength 
selectivity against a specific wavelength, and this makes it possible to reflect or 

15 diffract only the light having the specific wavelength. Therefore, it is possible to 
observe an image while superimposing display light 100% consisting of the specific 
wavelength on 100% of the external light excluding the specific wavelength. 
[0005] 

Fig. 4 shows, as an example of conventional HMD, an HMD disclosed in 
20 United States Patent No. 5,035,474. This HMD 100 includes a CRT for displaying 
an image on an image display surface 101, a prism system 103 and a relay lens 104 
for imaging image light 101a exited from the image display surface 101 on an 
intermediate image plane 102, and a hologram combiner for making the display 
light 101a exited from the intermediate image plane 102 as divergent light become 
25 a parallel pencil of rays and enter an observer's eye E. The intermediate image 
. plane 102 is formed as a distorted surface for enabling an observer to observe a flat 
virtual image 107. The angle 9, which the optical axis of the prism system 103 
and the relay lens 104 makes with horizontal external light 106a exiting from an 
external view 106 is set at 58°; the angle formed between the normal line axis LX of 
30 the hologram combiner 105 and the optical axis of the relay lens 104, in other 
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words, the incident angle 82 of the display light 101a entering the hologram 
combiner 105 from the. relay lens 104, is set at 27.76"*; and the angle which the 
normal line axis LX of the hologram combiner 105 makes with diffracted light lOlb 
of the display light 101a exited from the relay lens 104 and transmitted light 106b 
5 of the external light 106a, i.e. a reflection angle 63, is set at 30.24°. The hologram 
combiner 105 is obliquely arranged on an unillustrated visor, as an inclination 
angle 64, at 59.7°. 
[0006] 

In the above-mentioned HMD 100, by passing through the prism system 103 
10 and the relay lens 104, the display light 101a emitted from the image displayed on 
the image display surface 101 is focused on the intermediate image plane 102 as an 
intermediate image. The intermediate image formed on the intermediate image 
plane 102 becomes divergent light, then is made to be diffracted light lOlb 
composed of a substantially parallel pencil of rays, and then enters the observer's 
15 eye E. The external light 106 of the view 107 passes through the hologram 
combiner 105, and enters the observer's eye E as transmitted light 106b. Therefore, 
the observer can infinitely observe a flat virtual image 107 formed in accordance 
with the display light 101a emitted from the image display surface 107 of a CRT 
while superimposing it on the external view 106. Here, the diffracted light 106b of 
20 the display light 101 and the transmitted light 106a of the external light 106a are 
not decreased in terms of the quantity of light. 
[0007] 

[Problems to be Solved by the Invention] 

However, the conventional HMD 100 uses a complicated lens system 
25 composed of the prism system 103 and the relay lens 104 for obtaining a flat virtual 
image 107, and therefore it has disadvantage of becoming unduly large. In order 
to improve its resolution, the display requires a larger CRT; however, if the CRT 
becomes larger, the complicated lens system composed of the prism system 103 
and the relay lens 104 also becomes larger, and therefore the conventional HMD 
30 has disadvantage of having a limitation in improving resolution thereof because of 



5 



GP-337IDS 

its spatial restriction. Furthermore, because the hologram combiner 105 is of a 
single color, it is difficult to offer color images. 
[0008] 

An object of the present invention is to provide a compact and high- 
resolution head-mounted display. Another object of the present invention is to 
provide a head-mounted display readily achieves projection of color images. 

[0009] 

[Means for Solving the Problem] 

To achieve the above object, the present invention provides a head-mounted 
display comprising: an image display means for emitting display light; a bundle of 
optical fibers that makes the display light emitted from the image display means 
exit from an exit end face while reducing it; and an in-front-of-eye optical means 
that directs the display light exited from the exit end face of the bundle of optical 
fibers to the user's eye by diffracting or reflecting it in such a manner that permits a 
user to observe a virtual image formed in accordance with the display light. 

[0010] 

[Embodiments of the Invention] 

Figs. 1(a) and 1(b) show a head-mounted display (hereinafter, referred to as 
an HMD) of a first embodiment of the present invention, in which Fig. 1(a) is a side 
view thereof and Fig. 1(b) shows the optical system thereof. This HMD 1 is a 
helmet-type HMD having a helmet 2 mountable on a head. And, inside of a front 
portion 2 a of the helmet 2, a liquid crystal display (LCD) 3 equipped with a 
backlight that serves as an image display means for emitting display light 3a, and a 
fiber optics plate (FOP) 4 that emits the display light 3a received from the LCD 3 
while reducing it are arranged , The LCD 3 and the FOP 4 are held in the front 
portion 2a by a holder 5. On a visual axis Ea, a hologram combiner 6 is arranged 
as an in-front-of-eye optical means that diffracts the display light 3 a emitted from 
the FOP 4 and directs it to the user's eye E as diffracted light 3b. This hologram 
combiner 6 is attached in the front portion 2a by a attaching member 7. 

[0011] 
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For example, the LCD 3 is provided with 2,880,000 pixels (1200 x 2400) and 
has a size of 2.84nch (40 mm x 56 mm). As an image display means, it is also 
possible to use such as a reflection-type LCD, an EL display, a plasma display, or a 
display using a micro- variable mirror made by a micromachining method; however, 
5 among which, an LCD is the most preferable from the perspective of miniaturizing 
the display. 

[0012] 

The FOP 4 is so designed as to emit the display light 3a received from the 
LCD 3 while reducing it at a predetermined reduction ratio, e.g. 1/3. In other 

10 words, the FOP 4 is made by bundling 79,200,000 of optical fibers having the 
diameters of 6 \im in its incident side and 2 ^im in its exit side, of which taper ratio 
is 3:1. The FOP 4 has an incident end face 4a closely attached to the LCD 3. 
Here, the size of the incident end face 4a is identical to that of the LCD, namely 40 
mm X 56 mm, and the size of the exit end face 4b is 13.2 mm x 18.8 mm. The exit 

15 end face 4b is formed as a distorted surface such as a substantially convex spherical 
surface for enabling a user to observe a virtual image 9 formed ahead of the 
hologram combiner 6 as a flat image. 
[0013] 

The hologram combiner 6 is provided with a transparent or a 
20 semitransparent substrate 60 made of glass such as PYREX glass or soda glass, 
plastics, or the like, and a hologram film 61 formed on the principal surface 60a (e.g. 
the face opposite to which the display light 3 a from the LCD 3 enters) of the 
substrate 60. The hologram film 61 is made by applying a holographic 
photosensitive material to the substrate 60 and following the steps described below. 
25 As the holographic photosensitive material, it is also possible to use, for example, 
photopolymer, a photoresistive material, a photochromic material, a 
photodichromic material, silver salt emulsion, dichromic acid gelatin, dichromate 
gelatin, plastics, a ferroelectric substance, a magneto-optical material, an electro- 
optical material, an amorphous semiconductor, or a photorefractive material, A 
30 protective coat may be deposited on the surface thereof for protecting the hologram 
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film 61. As the protective coat, it is possible to use amorphous polyolefine, 
polycarbonate (PC), polymethyl methacrylate (PMM), perfluoro alkoxide 
polyethylene (PFA), or the like. In the HMD embod3dng the present invention, the 
hologram combiner 6 is concave to the user's eye E; however, it can be a flat surface. 
5 [0014] 

The hologram film 61 forms a small asymmetric optical system. In other 
words, the hologram film 61 has a first optical axis 61a coinciding with the visual 
axis Ea, and a second optical axis 61b inclined to the first optical axis at 6^, for 
example, 58*^. Here, the angle which the normal line axis LX of the hologram 

10 combiner 6 makes with the optical axis of the LCD 3 and the FOP 4, in other words, 
an incident angle 02 of the display light 3 a entering the hologram combiner 6 from 
the FOP 4, is set at, for example, 27.76**; and the angle which the normal line axis 
LX of the hologram combiner 6 makes with diffracted light 3b of the display light 
3a exited from the FOP 4 and transmitted light 8b of the external light 8a, i.e. a 

15 reflection angle 63, is set at, for example, 30.24°. The hologram combiner 6 is 
obliquely mounted on the helmet 2, as an inclination angle 64, at 59.7°. 
[0015] 

Fig. 2 shows a hologram-film-manufacturing device for manufacturing the 
hologram film 61. The hologram-film-manufacturing device 10 is provided with 
20 an He-Ne laser 11, a first, a second, and a third mirror 12A, 12B, and 12C, a half 
mirror 13, a first and a second magnifying lens 14A and 14B, and a coUimeter lens 
15. 

[0016] 

First, on the principal surface 60a of the substrate 60, as a holographic 
25 photosensitive material, for example, photopolymer 6a is spin-coated. Here, it is 
possible to form a film of photopol3nTier 6a having an even thickness distribution 
by controlling the rotational speed and othei's. Then, the substrate 60 with the 
photopolymer 6 formed thereon is disposed in the predetermined area as shown in 
Fig. 2. If a laser beam 11a is emitted from the He-Ne laser of the hologram-film- 
30 manufacturing device, the laser beam 11a is turned its direction by the first mirror 
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12A, and then is split into two beams 13a and 13b by the half mirror 13. The 
beam 13a passed through the half mirror 13 is turned its direction by the second 
mirror 12B, then is converted into a divergent wave by the first magnifying lens 
14A, and then is converted into a plane wave by the collimeter lens 15. The other 
5 beam 13b reflected on the half mirror 13 is turned its direction by the third mirror 
12C, and is converted into a divergent wave by the second magnifying lens 14B. 
The divergent wave enters the photopolymer 6a from the back side thereof in a 
manner such that the angle formed between the optical axis of the divergent 
wave and the Z-axis is identical to 0^ shown in Fig. 1(b). The beam 13a entering 

10 from the front face of the photopolymer 6a and the beam 13b entering from the 
back side of the photopoljnner 6a form interference fringes on the photopolymer 6a. 
The interference fringes formed on the photopolymer 6a undergoes a developing 
process for recording a hologram, and thus the hologram film 61 is obtained. Here, 
a process for manufacturing the hologram film 61 by using a plane wave and a 

15 divergent wave is explained; however, it is possible to manufactiue it by using a 
convergent wave and a divergent wave. 
[00171 

Then, the operation of the HMD 1 used in the first embodiment will be 
explained below. If an image signal is fed to the LCD 3 from an unillustrated 

20 image feeder, the LCD 3 emits, in accordance with backlight, display light 3a 
corresponding to the image signal. The display light 3a is conveyed by the FOP 4 
and focused on the exit end face 4b as an intermediate image. The intermediate 
image formed on the exit end face 4b becomes divergent light, then is converted 
into diffracted light 3b composed of a substantially parallel pencil of rays by the 

25 hologram combiner 6 having a function as a lens element, and then enters the 
user's eye E. External light 8a of the view 8 is transmitted through the hologram 
combiner 6, and then enters the user's eye E as transmitted light 8b. Therefore, 
the user can infinitely observe a flat virtual image 9 formed in accordance with the 
display light 3 a emitted from the LCD 3 while superimposing it on the view 8 of the 

30 outside. 
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[0018] 

Then, the advantages of the HMD 1 employed in the first embodiment will 
be described. 

(1) The exit end face 4b of the FOP 4 serves as the intermediate image 
5 plane, and this eliminates the need for forming an intermediate image plane by the 

use of a lens system. Furthermore, since the LCD 3, the FOP 4, and the hologram 
combiner 6 can be incorporated in the helmet 2, it is possible to miniaturize the 
HMD 1. 

(2) Since the display light 3a emitted from the LCD 3 is reduced by FOP 4, 
10 the LCD 3 having a large number of pixels can be used, and this makes it possible 

to display a high-resolution virtual image 9. 

(3) The exit end face 4b of the FOP 4 has a shape suitable for correcting 
aberrations of the virtual image 9, and this makes it possible to observe the flat 
virtual image 9. 

15 (4) If this HMD 1 is employed as an HMD for use in an airplane, it is 

possible to observe outside and flight information simultaneously, and if this HMD 
1 is employed as an HMD for use in a vehicle, it is possible to observe outside and 
traffic information simultaneously. This enables the user to exhibit excellent 
instantaneous information gathering ability during flight or drive. 

20 [0019] 

Figs. 3(a) and 3(b) show an HMD of a second embodiment of the present 
invention, in which Fig. 3(a) is a side view thereof and Fig. 3(b) shows the optical 
system thereof. This HMD 1 is a goggle-type HMD having a goggle 21 held on a 
head with a headband 20. And, in an upper portion 21a of the goggle, an LCD 3 

25 equipped with backlight that serves as an image display means for emitting display 
light 3a perpendicular to a visual axis, and an FOP 4 that emits the display light 3a 
received from the LCD 3 while reducing it are arranged. The LCD 3 and the FOP 4 
are held in the upper portion 21a by a holder 5. On the visual axis Ea, a concave 
half mirror 62 concave to the user's eye E is ;irranged as an in-front-of-eye optical 

30 means having a magnifying function, and, a half mirror 63 is arranged as an in- 
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front-of-eye optical means that is obliquely arranged at 45° relative to the user's 
visual axis Ea, that makes the display light 3a emitted from the FOP 4 reflect 
toward the concave half mirror 62, and that directs the display light reflected by 
the concave half mirror 62 to the user's eye E. The concave half mirror 62 is 
5 disposed in an aperture 21b in a front portion of the goggle 21, and the half mirror 
63 is held inside of the front portion 21b. 
[0020] 

In order to be held inside of the goggle 21, the size of the LCD 3, here, is 
smaller than that of the first embodiment. For example, an LCD having 720,000 
10 pixels (600 x 1200) of which size is 1.4-inch (20 mm x 28 mm) is used. 
[0021] 

The FOP 4 is made by bundling 19,800,000 of optical fibers having the 
diameters of 6 |am in its incident side and 2 \ivci in its exit side, of which taper ratio 
is 3:1. The FOP 4 has an incident end face 4a closely attached to the LCD 3 of 
15 which size is identical to that of the LCD 3, i.e. 20 mm x 28 mm, and has the exit 
end face 4b of which size is 6.6 mm x 9.4 mm. As in the first embodiment, the 
exit end face 4b is formed as a distorted surface so that an observer can observe a 
flat virtual image 9. 
[0022] 

20 Then, the operation of the HMD 1 employed in the second embodiment will 

be explained below. If an image signal is fed to the LCD 3 from an unillustrated 
image feeder, the LCD 3 emits, in accordance with backlight, display light 3a 
corresponding to the image signal. The display light 3a is conveyed by the FOP 4 
and focused on the exit end face 4b as an intermediate image. The intermediate 

25 image formed on the exit end face 4b becomes divergent light and enters the half 
mirror 63 . Thereafter, the reflected light 3c is reflected from the half mirror 63 
and enters the concave half mirror 62 having a magnif3dng function. Thereafter, a 
portion thereof becomes focused light 3d upon being reflected, then passes through 
the half mirror 63, and then enters the user's eye E as transmitted light 3e. The 

30 external light 8a of the view 8 passes through the concave half mirror 62a and the 
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half mirror 63, and then enters the user's eye E as transmitted light 8b. Therefore, 
the observer can infinitely observe a flat virtual image 9 formed in accordance with 
the display light 3a emitted from the LCD 3 while superimposing it on the view 8 of 
the outside. 
5 [0023] 

Then, an HMD employed in a third embodiment of the present invention 
will be explained below. The HMD used in the third embodiment is similar to the 
HMD 1 in the first embodiment shown in Fig. 1 with exception that it achieves 
projection of color images. In other respects, the construction here is the same as 

10 in the first embodiment. The third embodiment uses a color LCD for emitting 
display light of three primary colors, namely red (R), green (G), and blue (B), and 
uses a hologram combiner 6 corresponding to the three primary colors R, G, and B. 
The hologram combiner 6 corresponding to the three primary colors R, G, and B 
can be manufactured in the following manner. That is, in the hologram-film- 

15 manufacturing device 10 shown in Fig. 2, instead of the He-Ne laser 11, for 
recording a hologram, a helium-neon laser (632.8 nm) is used for R, a YAG-SHG 
laser (532 nm) is used for G. and an argon laser (488 nm) is used for B. According 
to the third embodiment, it is possible to obtain a small-sized display but that 
nevertheless offers color images. 

20 [0024] 

It is to be understood that the present invention may be practiced in any 
other manner than is specifically described in the embodiments. For example, in 
the construction shown in Fig. 3, it is possible to eliminate the concave half mirror 
62, and, instead, the half mirror 63 is obliquely arranged at 45° relative to the visual 

25 axis Ea in order to reflect the display light 3a emitted from the FOP 4 toward the 
user's eye E. In the above-mentioned embodiment, a see-through type HMD is 
described; however, a close-t3rpe HMD may be used instead. In this case, a light- 
shielding sheet may be applied to the outside face of a substrate (e.g. the face 
opposite to which the display light from the LCD enters) for preventing external 

30 light from entering the user's eye, and it is also possible to cover the whole 
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substrate with other member including a helmet, a goggle, or the like. In the first 
embodiment, a hologram film is formed on the outside face of the substrate; 
however, it can be formed on the inside face thereof. 
[0025] 

5 [Advantages of the Invention] 

As described above, according to the present invention, by using optical 
fibers, it is possible to obtain a desired intermediate image plane without using a 
lens system, and this helps miniaturize HMDs. Furthermore, since the display 
light emitted from the image display means is reduced by the bundle of optical 
10 fibers, an image display means having a large number of pixels can be used, and 
this makes it possible to display a high-resolution virtual image. As a result, it is 
possible to readily achieve projection of color images. 

[Brief Description of the Drawings] 

15 [Fig. 1] Diagrams illustrating an HMD of a first embodiment of the 

present invention, in which (a) is a side view thereof and (b) shows the optical 
system thereof. 

[Fig. 2] A diagram illustrating the outline of the construction of a 

hologram-film-manufacturing device used in the first embodiment of the present 
20 invention. 

[Fig. 3] Diagrams illustrating an HMD of a second embodiment of the 
present invention, in which (a) is a side view thereof and (b) shows the optical 
system thereof. 

[Fig. 4] A diagram illustrating a conventional HMD. 
25 [Reference Numerals] 



1 Head-Mounted Display (HMD) 

2 Helmet 2 

2a Front Portion 

3 Liquid Crystal Display (LCD) 
30 3a Display Light 
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3b Diffracted Light 

3c Reflected Light 

3d Focused Light 

3e Transmitted Light 

5 4 Fiber Optics Plate (FOP) 

4a Incident End Face 

4b Exit End Face 

5 Holder 

6 Hologram Combiner 
10 7 Attaching Member 

8 View 

8 a External Light 

8b Transmitted Light 

9 Virtual Image 

15 10 Hologram-Film-Manufacturing Device 

11 He-Ne Laser 

12A, 12B, 12C Mirrors 

13 Half Mirror 

14A, 14B Magnifying Lenses 

20 15 Collimeter Lens 

20 Head Band 

21 Goggle 

21a Upper Portion 

21b Aperture 

25 21b Front Portion 

40 Optical Fiber 

60 Substrate 

60a Principal Surface 

61 Hologram Film 
30 61a First Optical Axis 
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61b Second Optical Axis 

62 Concave Half Mirror 

63 Half Mirror 
E Eye 

H Head 
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